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1
CONTROL DEVICE FOR INTERNAL
COMBUSTION ENGINE

TECHNICAL FIELD

The present invention relates to a control device that con-
trols an internal combustion engine in accordance with target
control amount values, and more particularly to a control
device that can make various requests concerning internal
combustion engine performance be reflected in the target
control amount values when they are to be determined.

BACKGROUND ART

It is demanded that an automotive internal combustion
engine fulfill requests concerning various performance char-
acteristics such as drivability, emissions performance, and
fuel consumption rate. The requests concerning the various
performance characteristics are issued from an overall
vehicle control device to an internal combustion engine con-
trol device. The internal combustion engine control device
controls control amounts of the internal combustion engine in
order to fulfill such requests. However, it is difficult to fulfill
all such requests completely and simultaneously. Therefore,
it is necessary to devise a scheme for successtully making the
various requests be reflected in the control amounts of the
internal combustion engine.

Examples of such a scheme are disclosed in JP-A-2009-
162199 and JP-A-2008-169825. Internal combustion engine
control devices described in JP-A-2009-162199 and JP-A-
2008-169825 perform a request mediation process to make
various requests be reflected in the control amounts of the
internal combustion engine. In the request mediation process,
at first, each request is expressed by a predefined physical
quantity. The physical quantity is used as a control amount for
the internal combustion engine. The physical quantity
includes, for instance, a torque, an efficiency, or an air-fuel
ratio. The efficiency is the ratio of an actually output torque to
atorque that can be potentially output from the internal com-
bustion engine. Next, request values expressed by the same
physical quantity are collected. One value is then determined
from a plurality of collected request values in accordance
with predetermined calculation rules. This determination
process is referred to as mediation.

The calculation rules for mediation can be set up as desired.
However, if the calculation rules are inappropriate, only
requests having relatively high priority may be reflected in a
final mediation value, that is, a target control amount value,
while requests having relatively low priority are left unre-
flected. To properly control the internal combustion engine, it
is necessary to make not only requests having relatively high
priority but also requests having relatively low priority be
reflected as appropriate in the target control amount value.

As regards the above matter, an effective solution is
described in JP-A-2009-162199. A mediation method dis-
closed in JP-A-2009-162199 does not express a request with
one numerical value, but expresses it in the form of a request
value range and of an expected value distribution indicative of
the degree of expectation of each request value within the
request value range. The sum of expected values of all
requests expressed by the same physical quantity is then
calculated. Eventually, a request value that maximizes the
sum is calculated as the mediation value, that is, the target
control amount value. When the above-described mediation
method is used to determine the target control amount value,
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all requests including those having relatively low priority can
be reflected in the target control amount value in accordance
with their importance.

In the above-described “request mediation,” it is assumed
that requests to be mediated are expressed by the same physi-
cal quantity, or more precisely, expressed by a physical quan-
tity used as a control amount. Therefore, itis necessary that all
requests issued from a vehicle control device to an internal
combustion engine control device be expressed in the form of
arequested control amount value. However, using the form of
a specific requested control amount value may not always be
appropriate depending on the type or description of a request.
In such a case, a request may not be properly reflected in a
target control amount value.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
circumstances. An object of the present invention is to pro-
vide an internal combustion engine control device that is
capable of making various requests concerning internal com-
bustion engine performance be reflected in target control
amount values while the requests need not be expressed in the
form of a requested control amount value.

In accomplishing the above-mentioned object, according
to a first aspect of the present invention, there is provided an
internal combustion engine control device that acquires vari-
ous requests concerning internal combustion engine perfor-
mance and sets a request-specific constraint for the value of a
control amount. More specifically, the control device
expresses constraints to be set for control amount values as a
set of constraint index values assigned to individual control
amount values, and varies the distribution of the constraint
index values assigned to the control amount values in accor-
dance with the type of a request. Next, the control device
integrates, for each control amount value, the constraint index
values assigned to individual requests with respect to each
control amount value. Then, in accordance with the distribu-
tion of the integrated constraint index value for a control
amount, the control device determines a limitation of the
control amount, which is defined by an upper-limit value and
a lower-limit value. Finally, the control device determines a
target control amount value within the range of the deter-
mined limitation.

When the above-described process is performed, various
requests concerning internal combustion engine performance
are converted to a constraint on a control value amount. The
various requests are then reflected in a target control amount
value through the constraint. Therefore, each request need not
be expressed beforehand in the form of a requested control
amount value. Further, the integrated constraint index value is
an integrated value of a constraint index value for each control
amount value, which is assigned to each request with respect
to each control amount value. According to the integrated
constraint index value, therefore, the level of satisfaction of
each control amount value with the entire request can be
quantitatively evaluated. As the limitation used for determin-
ing the target control amount value is determined in accor-
dance with the distribution of such an integrated constraint
index value for a control amount, all requests including those
having relatively low priority are properly reflected in the
target control amount value.

Inthe above-described aspect, the constraint index value to
be assigned to each control amount value may be either a
discrete value assigned to each of a plurality of bands into
which a control amount is divided or a continuous value that
is continuous in each control amount value.
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Further, it is preferred that the distribution of the constraint
index value assigned to each control amount value not only
vary with the type of a request but also vary with a change in
the description of the request. When, for instance, the con-
straint index value is a discrete value assigned to each band, it
is possible to change the constraint index value of each band
to a different numerical value in accordance with a change in
the description of a request, change the width of each band, or
change the constraint index value of each band to a different
numerical value in accordance with a change in the descrip-
tion of a request and change the width of each band. When, on
the other hand, the constraint index value is a continuous
value, the shape of its distribution can be changed with a high
degree of freedom.

Further, in the above-described aspect, the constraint index
value assigned to each request with respect to each control
amount value can be weighted in accordance with the impor-
tance of each request. In such an instance, the control device
integrates the weighted constraint index value for each con-
trol amount value and determines a control amount limitation
in accordance with the distribution of the integrated con-
straint index value. When the above-described process is
performed, the importance of each request can be reflected in
the setting of a target control amount value.

In the above-described aspect, it is preferred that either of
the following two policies be employed when a constraint
index value is to be assigned to each control amount value. A
first policy is to assign the constraint index value such that the
more appropriate the control amount value is for the descrip-
tion of a request, the greater the constraint index value
assigned to the control amount value will be with reference to
zero or other predetermined finite value. When the first policy
is employed, the greater the constraint index value assigned to
the control amount value is, the smaller the deviation between
the target control amount value and the constraint index value
can be lead to.

When the first policy is employed, it is preferred that either
of'the following two methods be used to determine the control
amount limitation. A first method is to use a limitation that
represents a band in which the integrated constraint index
value is greater than a predetermined threshold value. A sec-
ond method is to select such a threshold value that a band in
which the constraint index value is greater than the threshold
value has a predetermined width, and use a limitation that
represents a band defined by the selected threshold value.
When the first method is employed, it is preferred that the
predetermined threshold value vary with the operating envi-
ronment of the internal combustion engine. When the second
method is employed, it is preferred that the predetermined
width vary with the operating environment of the internal
combustion engine.

A second policy is to assign the constraint index value such
that the more inappropriate the control amount value is for the
description of a request, the greater the constraint index value
assigned to the control amount value will be with reference to
zero or other predetermined finite value. When the second
policy is employed, the greater the constraint index value
assigned to the control amount value is, the greater the devia-
tion between the target control amount value and the con-
straint index value can be lead to.

When the second policy is employed, it is preferred that
either of the following two methods be used to determine the
control amount limitation. A first method is to use a limitation
that represents a band in which the integrated constraint index
value is smaller than a predetermined threshold value. A
second method is to select such a threshold value that a band
in which the constraint index value is smaller than the thresh-
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old value has a predetermined width, and use a limitation that
represents a band defined by the selected threshold value.
When the first method is employed, it is preferred that the
predetermined threshold value vary with the operating envi-
ronment of the internal combustion engine. When the second
method is employed, it is preferred that the predetermined
width vary with the operating environment of the internal
combustion engine.

In accomplishing the earlier-mentioned object, according
to a second aspect of the present invention, there is provided
an internal combustion engine control device that acquires
various requests concerning internal combustion engine per-
formance and sets a request-specific constraint for the value
of a control amount. More specifically, the control device
expresses constraints to be set for control amount values as a
set of constraint index values assigned to individual control
amount values, and varies the distribution of the constraint
index values assigned to the control amount values in accor-
dance with the type of a request. Next, the control device sets
a plurality of request groups, each of which includes a plu-
rality of requests. Next, the control device integrates the con-
straint index value assigned to each request with respect to
each control amount value on an individual control amount
value basis in each request group, and resets the distribution
of the constraint index value in each request group in accor-
dance with the distribution of the integrated constraint index
value. Next, the control device integrates the constraint index
value assigned to each request group with respect to each
control amount value on an individual control amount value
basis. Then, in accordance with the distribution of the inte-
grated constraint index value for a control amount, the control
device determines a limitation ofthe control amount, which is
defined by an upper-limit value and a lower-limit value.
Finally, the control device determines a target control amount
value within the range of the determined limitation.

When the above-described process is performed, various
requests concerning internal combustion engine performance
are converted to a constraint on a control value amount. The
various requests are then reflected in a target control amount
value through the constraint. In such an instance, the indi-
vidual requests are grouped into a plurality of request groups,
the distribution of the constraint index value is recalculated
on an individual request group basis, and the control amount
limitation is determined in accordance with the distribution of
the constraint index value on such an individual request group
basis. Therefore, each request can be hierarchically reflected
in the target control amount value.

In the above-described second aspect, the constraint index
value to be assigned to each control amount value may be
either a discrete value assigned to each of a plurality of bands
into which a control amount is divided or a continuous value
that is continuous in each control amount value.

As regards the policy to be employed when the constraint
index value is to be assigned to each control amount value in
the second aspect, the more appropriate the control amount
value is for the description of a request, the greater the con-
straint index value assigned to the control amount value will
preferably be with reference to zero or other predetermined
finite value. Further, the more inappropriate the control
amount value is for the description of a request, the greater the
constraint index value assigned to the control amount value
will preferably be with reference to zero or other predeter-
mined finite value.

In accomplishing the earlier-mentioned object, according
to a third aspect of the present invention, there is provided an
internal combustion engine control device that acquires vari-
ous requests concerning internal combustion engine perfor-
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mance, and sets a plurality of control amount limitations,
which are defined by an upper-limit value and a lower-limit
value, for individual requests while varying the degree of
constraint severity. Next, the control device ultimately deter-
mines the control amount limitation in accordance with a
limitation overlap between requests and the degree of con-
straint severity defined by each limitation. Finally, the control
device determines a target control amount value within the
range of the ultimately determined limitation.

When the above-described process is performed, various
requests concerning internal combustion engine performance
are converted to a plurality of limitations that differ in the
degree of constraint severity. The various requests are then
reflected in a target control amount value through constraints
defined by such limitations. Therefore, each request need not
be expressed in the form of a requested control amount value
beforehand. Further, as the final limitation used for determin-
ing the target control amount value is determined in accor-
dance with the limitation overlap between requests and with
the degree of constraint severity defined by each limitation,
all requests including those having relatively low priority are
properly reflected in the target control amount value.

In accomplishing the earlier-mentioned object, according
to a fourth aspect of the present invention, there is provided an
internal combustion engine control device that acquires vari-
ous requests concerning internal combustion engine perfor-
mance, and sets a plurality of control amount limitations,
which are defined by an upper-limit value and a lower-limit
value, for individual requests while varying the degree of
constraint severity. Next, the control device sets a plurality of
request groups, each of which includes a plurality of requests.
Next, the control device integrates a request-specific limita-
tion in each request group and resets a limitation for each
request group. Then, in accordance with a limitation overlap
between the request groups and with the degree of constraint
severity defined by each limitation, the control device ulti-
mately determines the control amount limitation. Finally, the
control device determines a target control amount value
within the range of the ultimately determined limitation.

When the above-described process is performed, various
requests concerning internal combustion engine performance
are converted to a plurality of limitations that differ in the
degree of constraint severity. The various requests are then
reflected in a target control amount value through constraints
defined by such limitations. In such an instance, the indi-
vidual requests are grouped into the plurality of request
groups, the limitation is reset for each request group, and a
final limitation is determined in accordance with the limita-
tion for each request group. Consequently, each request can
be hierarchically reflected in the target control amount value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a configuration of a
control device according to a first embodiment of the present
invention.

FIG. 2 is a diagram illustrating a limitation determination
method employed in the first embodiment of the present
invention.

FIG. 3 is a diagram illustrating a limitation determination
method employed in a second embodiment of the present
invention.

FIG. 4 is a diagram illustrating the limitation determination
method employed in the second embodiment of the present
invention.
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FIG. 5 is a diagram illustrating a method for determining a
limitation of a control amount according to a third embodi-
ment of the present invention.

FIG. 6is a diagram illustrating the limitation determination
method employed in the third embodiment of the present
invention.

FIG. 7 is a diagram illustrating a limitation determination
method employed in a fourth embodiment of the present
invention.

FIG. 8is a diagram illustrating the limitation determination
method employed in the fourth embodiment of the present
invention.

FIG. 9is a diagram illustrating the limitation determination
method employed in the fourth embodiment of the present
invention.

FIG. 10 is a diagram illustrating a limitation determination
method employed in a fifth embodiment of the present inven-
tion.

FIG. 11 is a diagram illustrating a limitation determination
method employed in a sixth embodiment of the present inven-
tion.

FIG. 12 is a diagram illustrating the limitation determina-
tion method employed in the sixth embodiment of the present
invention.

FIG. 13 is a diagram illustrating the limitation determina-
tion method employed in the sixth embodiment of the present
invention.

FIG. 14 is a diagram illustrating a limitation determination
method employed in a seventh embodiment of the present
invention.

FIG. 15 is a diagram illustrating a limitation determination
method employed in an eighth embodiment of the present
invention.

FIG. 16 is a diagram illustrating a limitation determination
method employed in a ninth embodiment of the present inven-
tion.

FIG. 17 is a diagram illustrating a limitation determination
method employed in a tenth embodiment of the present inven-
tion.

FIG. 18 is a diagram illustrating a limitation determination
method employed in an eleventh embodiment of the present
invention.

FIG. 19 is a diagram illustrating a limitation determination
method employed in a twelfth embodiment of the present
invention.

FIG. 20 is a diagram illustrating the limitation determina-
tion method employed in the twelfth embodiment of the
present invention.

FIG. 21 is a diagram illustrating a limitation determination
method employed in a thirteenth embodiment of the present
invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

A first embodiment of the present invention will now be
described with reference to FIGS. 1 and 2.

A control device according to the first embodiment is
applied to an automotive internal combustion engine (here-
inafter referred to as the engine). The type of an applicable
engine is not limited. The control device can be applied to
various types of engines, including a spark ignition engine, a
compression ignition engine, a four-stroke engine, a two-
stroke engine, a reciprocating engine, a rotary engine, a
single-cylinder engine, and a multi-cylinder engine. The con-
trol device according to the present embodiment controls one
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or more actuators provided for such an engine, such as a
throttle and an ignition device, in accordance with an engine
control amount, such as a target torque value.

FIG. 1 is a block diagram illustrating the configuration of
the control device according to the present embodiment. A
requested torque value (hereinafter referred to as the
requested torque), which is an engine control amount, is
supplied to the control device. It can be interpreted that the
requested torque is obtained when a request concerning driv-
ability, which is one of engine performance characteristics, is
expressed in the form of torque which is one of engine control
amounts. In addition, various other requests concerning
engine performance, such as a request concerning emissions
performance and a request concerning a fuel consumption
rate, are supplied to the control device. These requests are
supplied from a higher-level control device that provides
overall control of a vehicle. The control device according to
the present embodiment determines a target torque value
(hereinafter referred to as the target torque) on the basis of the
supplied requested torque. In accordance with the determined
target torque, the control device operates various torque-re-
lated actuators in such a manner as to control the torque of the
engine.

Various engine performance requests supplied to the con-
trol device with the requested torque are considered when the
target torque is determined from the requested torque. As
shown in FIG. 1, such requests are converted to a limitation
imposed on torque, which is defined by an upper-limit value
and a lower-limit value, and reflected in the target torque
through constraints based on the limitation. It should be noted
that only one limitation is used to determine the target torque
although a plurality of requests are supplied. It means that all
requests are reflected in this one limitation. A method of
determining a torque limitation from various engine perfor-
mance requests will be described in detail below.

FIG. 2 is a diagram illustrating a limitation determination
method employed in the present embodiment. In FIG. 2, the
vertical axis represents a torque value and a large number of
horizontal lines represent a torque limitation. FIG. 2 shows
four constraints: Constraint 1, Constraint 2, Constraint 3, and
Constraint 4. These constraints are obtained by converting
different types of requests. In other words, one constraint is
obtained from one request.

Each constraint includes a plurality of limitations (three
limitations in FIG. 2). Each limitation includes a pair of
upper- and lower-limit values. In FIG. 2, each pair of upper-
and lower-limit values can be easily identified because the
horizontal lines indicative of limit values vary in thickness
from one limitation to another. The thickest horizontal lines
indicate the upper- and lower-limit values of a first limitation.
The second thickest horizontal lines indicate the upper- and
lower-limit values of a second limitation. The thinnest hori-
zontal lines indicate the upper- and lower-limit values of a
third limitation. As is obvious from the range of each limita-
tion, the severest restriction is imposed by the first limitation;
the second severest restriction is imposed by the second limi-
tation; and the loosest restriction is imposed by the third
limitation.

As indicated in FIG. 2, the limitation setting varies from
one constraint to another, that is, from one request to another.
The reason is that the permissible range of torque varies with
the type of a request. For example, a comparison between
Constraint 1 and Constraint 4 shows that Constraint 4 has a
lower limitation setting than Constraint 1. It means that the
torque permitted by a request on which Constraint 4 is based
is lower than the torque permitted by a request on which
Constraint 1 is based.
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As shown in FIG. 2, if the limitation varies from one
constraint to another, the problem is how to define the final
limitation. If the relationship between a certain constraint and
the target torque is such that the target torque is within the
range of a relatively severe limitation, the level of satisfaction
of'a request on which the constraint is based is high. If, on the
contrary, the target torque is within only the range of a loose
limitation, the level of satisfaction of a request on which the
constraint is based is low. Therefore, it is most desirable for all
constraints that the target torque be within the range of the
severest limitation. However, as is obvious from the example
shown in FIG. 2, when a set of the severest limitations (the
first limitations) of individual constraints is obtained, it is
easily conceivable that the set is empty.

In the present embodiment, each constraint includes a plu-
rality of limitations differing in severity in order to avoid the
above-mentioned empty set and make all requests be reflected
in the target torque setting. Even if the target torque for a
certain constraint is outside the range of the first limitation,
which is the severest, a request on which the constraint is
based can be satisfied to a certain extent as far as the target
torque is within the range of the second limitation, which is
the second severest. Further, if the target torque for most of
the other constraints turns out to be within the range of the
first limitation, which is the severest, an overall request con-
cerning the entire engine is satisfied to a great extent. In the
example shown in FIG. 2, the range of torque (a hatched
portion in FIG. 2) included within the ranges of the first
limitations imposed by Constraints 1, 2, and 3 and within the
range of the second limitation imposed by Constraint 4 is set
as the final limitation. The target torque is then set within the
range of the final limitation.

As described above, the present embodiment converts vari-
ous requests concerning engine performance to a plurality of
limitations differing in constraint severity and makes the
requests be reflected in the target torque setting through the
constraints based on the limitations. Therefore, each request
need not be expressed beforehand in the form of a requested
control amount value. Further, as the final limitation used for
determining the target torque is determined in accordance
with the limitation overlap between requests and with the
degree of constraint severity defined by each limitation, all
requests including those having relatively low priority are
properly reflected in the target torque.

In the example shown in FIG. 2, the width of the range of
each limitation does not vary from one constraint to another.
Alternatively, however, the width of the range of each limi-
tation may be set to vary from one constraint to another,
namely, from one request to another. For example, an alter-
native would be to narrow the range of the first limitation for
Constraint 2 only or widen the range of the third limitation.
Further, the range of the first limitation may be narrowed by
changing both the upper- and lower-limit values or by chang-
ing either the upper-limit value or the lower-limit value. The
width of the range of each limitation and the upper- and
lower-limit values of each limitation can be determined in
accordance with the type and description of a request.

In the example shown in FIG. 2, three limitations are pro-
vided. Alternatively, however, a larger number of limitations
may be provided. From the viewpoint of the present inven-
tion, a plurality of limitations should be provided. Therefore,
the use of only the first and second limitations is acceptable.
Another alternative is to vary the number of limitations from
one constraint to another, namely, from one request to
another. For example, the number of limitations provided for
only Constraint 2 may be decreased to two or increased to
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four. The number of limitations can be determined in accor-
dance with the type and description of a request.
Second Embodiment

A second embodiment of the present invention will now be
described with reference to FIGS. 3 and 4.

The control device according to the second embodiment
has the same configuration as the control device according to
the first embodiment whose configuration is shown in the
block diagram of FIG. 1. The second embodiment differs
from the first embodiment in the method of determining the
torque limitation used for target torque determination. This is
also true for the other embodiments, which will be described
later. Each embodiment is characterized by its method of
determining the torque limitation from various requests con-
cerning engine performance.

FIG. 3 is a diagram illustrating a limitation determination
method employed in the second embodiment. Although four
constraints (Constrains 1, 2, 3, and 4) are shown in FIG. 3, as
is the case with the first embodiment, they are different from
those used in the first embodiment. In the second embodi-
ment, each constraint is expressed as a set of constraint index
values assigned to individual torque values which are control
amounts. More specifically, each constraint is configured so
that a torque region is divided into a plurality of bands (five
bands in FIG. 3). The constraint index value assigned to a
central band is 10. The constraint index values assigned to the
bands adjacent to the central band are 5. The constraint index
values assigned to the outmost bands are 2. In the present
embodiment, the constraint index values are set with refer-
enceto zero. The greater the constraint index values, the more
appropriate for the description of a request the associated
torque value will be. Further, the position of each band on a
torque axis varies from one constraint to another, namely,
from one request to another. It means that band setup is
performed in accordance with the type of a request.

The control device according to the present embodiment
integrates the constraint index values assigned to individual
constraints, namely, to individual requests for each torque
value. As aresult, a distribution of integrated constraint index
values, which is named “Constraint-total”, is obtained as
indicated at the rightmost end of FIG. 3. The appropriateness
of'atorque value to which an integrated constraint index value
is assigned increases with an increase in the integrated con-
straint index value to wholly satisty individual requests. In
other words, the integrated constraint index value is an index
value for quantitatively evaluating the level of satisfaction of
each torque value with the entire request. Therefore, when the
maximum value of the integrated constraint index value is
given to a certain band, the band is the most appropriate band
for target torque setup, that is, a torque limitation for target
torque setup. According to the distribution of integrated con-
straint index values shown in FIG. 3, the maximum value of
the integrated constraint index values is 30. Thus, the band to
which the maximum value of 30 is assigned is set as the torque
limitation. The target torque is then set within the range of the
torque limitation.

As described above, the present embodiment converts vari-
ous requests concerning engine performance to a constraint
on a torque value and makes the requests be reflected in the
target torque setting through the constraint. Therefore, each
request need not be expressed beforehand in the form of a
requested control amount value. Further, the integrated con-
straint index value makes it possible to quantitatively evaluate
the level of satisfaction of each torque value with the entire
request. Therefore, when the target torque is determined in
accordance with the distribution of the integrated constraint
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index value, all requests including those having relatively low
priority are properly reflected in the target torque.

Meanwhile, as shown in FIG. 4, the constraint index value
to be assigned to each band can be set to vary from one
constraint to another, namely, from one request to another.
When the constraint index value to be assigned to each band
is variable, the greater the constraint index value assigned to
a certain band is, the smaller the deviation between the target
torque and a torque value within the band can be lead to.
Conversely, the smaller the constraint index value assigned to
a certain band is, the greater the deviation between the target
torque and a torque value within the band can be lead to.
Therefore, when the constraint index value to be assigned to
each band varies with the type and description of a request,
the degree of reflection of each request in the target torque can
be fine-tuned.

In the examples shown in FIGS. 3 and 4, the width of each
band does not vary from one constraint to another. Alterna-
tively, however, the width of each band may be set to vary
from one constraint to another, namely, from one request to
another. In the example shown in FIG. 3, for example, an
alternative would be to narrow the central band (a band hav-
ing a constraint index value of 10) of Constraint 2 only or
make the upper one of the bands (bands having a constraint
index value of 5) adjacent to the central band narrower than
the lower one. The width of each band as well as the constraint
index value to be assigned to each band can be set in accor-
dance with the type and description of a request.

Third Embodiment

A third embodiment of the present invention will now be
described with reference to FIGS. 5 and 6.

FIG. 5 is a diagram illustrating a limitation determination
method employed in the third embodiment. As is the case
with the second embodiment, the third embodiment is con-
figured so that the torque regions of the individual constraints
(Constraints 1, 2, 3, and 4) are divided into a plurality of bands
with a constraint index value assigned to each band. However,
the third embodiment differs from the second embodiment in
the policy of assigning the constraint index value to each
band. In the third embodiment, the constraint index value is
set with reference to zero. The greater the constraint index
value is, the more inappropriate for the description of a
request the associated torque value will be. In the example
shown in FIG. 5, the assigned constraint index value, which
does not vary from one constraint to another, is O for the
central band, 5 for the bands adjacent to the central band, and
8 for the outer bands. Further, the constraint index value
assigned to the outermost bands is 10. It should be noted that
the position of each band on the torque axis varies from one
constraint to another, namely, from one request to another. It
means that band setup is performed in accordance with the
type of a request.

“Constraint-total”, which is indicated at the rightmost end
of FIG. 5, represents a distribution of the integrated constraint
index value that is obtained when constraint index values are
integrated on an individual torque value basis. Contrary to the
integrated constraint index value according to the second
embodiment, the integrated constraint index value according
to the third embodiment is such that the appropriateness of a
torque value to which the integrated constraint index value is
assigned increases with a decrease in the integrated constraint
index value to wholly satisfy individual requests. Therefore,
when the minimum value of the integrated constraint index
value is given to a certain band, the band is the most appro-
priate band for target torque setup, that is, a torque limitation
for target torque setup. According to the distribution of inte-
grated constraint index values shown in FIG. 5, the minimum
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value of the integrated constraint index values is 10. Thus, the
band to which the minimum value of 10 is assigned is set as
the torque limitation. The target torque is then set within the
range of the torque limitation.

The constraint index value to be assigned to each band may
be set to vary from one constraint to another. One example is
shown in FIG. 6. When the constraint index value to be
assigned to each band is variable, the greater the constraint
index value assigned to a certain band is, the greater the
deviation between the target torque and a torque value within
the band can be lead to. Conversely, the smaller the constraint
index value assigned to a certain band is, the smaller the
deviation between the target torque and a torque value within
the band can be lead to. Therefore, when the constraint index
value to be assigned to each band varies with the type and
description of a request, the degree of reflection of each
request in the target torque can be fine-tuned.

In the examples shown in FIGS. 5 and 6, the width of each
band does not vary from one constraint to another. Alterna-
tively, however, the width of each band may also be set to vary
from one constraint to another (from one request to another)
in the present embodiment. The width of each band as well as
the constraint index value to be assigned to each band can be
set in accordance with the type and description of a request.
Fourth Embodiment

A fourth embodiment of the present invention will now be
described with reference to FIGS. 7 to 9.

FIG. 7 is a diagram illustrating a limitation determination
method employed in the fourth embodiment. As is the case
with the second embodiment, the fourth embodiment is con-
figured so that the individual constraints (Constraints 1, 2, 3,
and 4) are expressed as a set of constraint index values
assigned to individual torque values which are control
amounts. However, although the constraint index value in the
second embodiment is a discrete value assigned to each of a
plurality of bands into which the torque region is divided, the
constraint index value in the fourth embodiment is a continu-
ous value that is continuous in each torque value. In the fourth
embodiment, the constraint index value is set with reference
to zero. The greater the constraint index value, the more
appropriate for the description of a request the associated
torque value will be.

“Constraint-total”, which is indicated at the rightmost end
of FIG. 7, represents a distribution of the integrated constraint
index value that is obtained when constraint index values are
integrated on an individual torque value basis. As is the case
with the integrated constraint index value according to the
second embodiment, the integrated constraint index value
according to the fourth embodiment is such that the appro-
priateness of a torque value to which the integrated constraint
index value is assigned increases with an increase in the
integrated constraint index value to wholly satisfy individual
requests. Therefore, a torque value providing the maximum
value of the integrated constraint index value can be regarded
as the most appropriate torque value for target torque setup.
However, the integrated constraint index value is nothing but
an index value for ensuring that various requests other than a
requested torque are reflected in the target torque setting.
Ultimately, therefore, the target torque needs to be deter-
mined in consideration of the requested torque. To determine
the target torque in such a manner, it is necessary to make a
target torque selection from a band having an adequate width.
The band having an adequate width is a torque limitation
defined by an upper-limit value and a lower-limit value.

In the present embodiment, a band in which the integrated
constraint index value is greater than a predetermined thresh-
old value a1 is set as the torque limitation, as shown in FIG.
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8. The target torque is set within the range of the torque
limitation. The threshold value al may be either fixed or
varied in accordance with the operating environment of the
engine.

The constraint index value to be assigned to each torque
value may be set to vary from one constraint to another. In
other words, the shape of the distribution of the constraint
index values for the torque values may be set to vary from one
constraint to another. One example is shown in FIG. 9. When
the constraint index value to be assigned to each torque value
is variable, the greater the constraint index value assigned to
atorque value is, the smaller the deviation between the torque
value and the target torque can be lead to. Conversely, the
smaller the constraint index value assigned to a certain torque
value is, the greater the deviation between the torque value
and the target torque can be lead to. Therefore, when the shape
of the distribution of the constraint index values varies with
the type and description of a request, the degree of reflection
of each request in the target torque can be fine-tuned.

Fifth Embodiment

A fifth embodiment of the present invention will now be
described with reference to FIG. 10.

The fifth embodiment is based on the fourth embodiment.
The fifth embodiment differs from the fourth embodiment in
the method of determining the torque limitation from the
distribution of the integrated constraint index value. As
shown in FIG. 10, the fifth embodiment first selects a thresh-
old value y1 so that a band in which the constraint index value
exceeds the threshold value has a predetermined width 1.
The band defined by the threshold value y1 is then set as the
limitation. More specifically, the fourth embodiment varies
the bandwidth of the limitation in accordance with the shape
of the distribution of the integrated constraint index value,
whereas the fifth embodiment constantly obtains a limitation
having the fixed bandwidth p1. The bandwidth 1 of the
limitation may be either fixed or varied in accordance with the
operating environment of the engine.

Sixth Embodiment

A sixth embodiment of the present invention will now be
described with reference to FIGS. 11 to 13.

FIG. 11 is a diagram illustrating a limitation determination
method employed in the sixth embodiment. As is the case
with the fourth embodiment, the sixth embodiment is config-
ured so that the individual constraints (Constraints 1,2, 3, and
4) are expressed as a set of constraint index values assigned to
individual torque values which are control amounts. The con-
straint index values are a continuous value that is continuous
in each torque value. However, the sixth embodiment differs
from the fourth embodiment in the policy of assigning the
constraint index value to each band. In the sixth embodiment,
the constraint index value is set with reference to zero. The
greater the constraint index value, the more inappropriate for
the description of a request the associated torque value will
be. Therefore, the shape of the distribution of the constraint
index values for the torque values of the individual constraints
is substantially a left-right reversal of the shape of the distri-
bution in the fourth embodiment.

“Constraint-total”, which is indicated at the rightmost end
of FIG. 11, represents a distribution of the integrated con-
straint index value that is obtained when constraint index
values are integrated on an individual torque value basis.
Contrary to the integrated constraint index value according to
the fourth embodiment, the integrated constraint index value
according to the sixth embodiment is such that the appropri-
ateness of a torque value to which the integrated constraint
index value is assigned increases with a decrease in the inte-
grated constraint index value to wholly satisfy individual
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requests. Therefore, a torque value providing the minimum
value of the integrated constraint index value can be regarded
as the most appropriate torque value for target torque setup.
However, for the same reason as described in connection with
the fourth embodiment, it is necessary to make a target torque
selection from a band having an adequate width. The band
having an adequate width is a torque limitation defined by an
upper-limit value and a lower-limit value.

In the sixth embodiment, a band in which the integrated
constraint index value is smaller than a predetermined thresh-
old value a2 is set as the torque limitation, as shown in FIG.
12. The target torque is set within the range of the torque
limitation. The threshold value a2 may be either fixed or
varied in accordance with the operating environment of the
engine.

The shape of the distribution of the constraint index values
for the torque values may be set to vary from one constraint to
another. One example is shown in FIG. 13. When the con-
straint index value to be assigned to each torque value is
variable, the greater the constraint index value assigned to a
torque value is, the greater the deviation between the torque
value and the target torque can be lead to. Conversely, the
smaller the constraint index value assigned to a certain torque
value is, the smaller the deviation between the torque value
and the target torque can be lead to. Therefore, when the shape
of the distribution of the constraint index values varies with
the type and description of a request, the degree of reflection
of each request in the target torque can be fine-tuned.
Seventh Embodiment

A seventh embodiment of the present invention will now be
described with reference to FIG. 14.

The seventh embodiment is based on the sixth embodi-
ment. The seventh embodiment differs from the sixth
embodiment in the method of determining the torque limita-
tion from the distribution of the integrated constraint index
value. As shown in FIG. 14, the seventh embodiment first
selects a threshold value y2 so that a band in which the
constraint index value is smaller than the threshold value has
apredetermined width 2. The band defined by the threshold
value y2 is then set as the limitation. More specifically, the
sixth embodiment varies the bandwidth of the limitation in
accordance with the shape of the distribution of the integrated
constraint index value, whereas the seventh embodiment con-
stantly obtains a limitation having the fixed bandwidth 2.
The bandwidth p2 of the limitation may be either fixed or
varied in accordance with the operating environment of the
engine.

Eighth Embodiment

An eighth embodiment of the present invention will now be
described with reference to FIG. 15.

The eighth embodiment is based on the second embodi-
ment and is characterized in that the constraints, namely, the
requests, are variously weighted. In the example shown in
FIG. 15, a weight of 3 is applied to Constraint 1; a weight of
5 is applied to Constraint 2; a weight of 2 is applied to
Constraint 3; and a weight of 1 is applied to Constraint 4. As
the weight to be applied to each request is variable, each
request is weighted according to its importance. The example
shown in FIG. 15 indicates that a request related to Constraint
2, which has a weight of 5, is the most important, and that a
request related to Constraint 4, which has a weight of 1, is
relatively unimportant.

The control device according to the eighth embodiment
multiplies the constraint index value assigned to each band by
the weight, which varies from one constraint to another, and
integrates the resulting values for each torque value. As a
result, a distribution of integrated constraint index values,
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which is named “Constraint-total”, is obtained as indicated at
the rightmost end of FIG. 15. According to the distribution of
the integrated constraint index values, which is shown in FI1G.
15, the maximum value of the integrated constraint index
values is 95. Thus, the band to which the maximum value of
95 is assigned is set as the torque limitation. When the target
torque is set within the range of the torque limitation, the
importance of each request can be reflected in the target
torque setting.

Ninth Embodiment

A ninth embodiment of the present invention will now be
described with reference to FIG. 16.

The ninth embodiment is based on the third embodiment
and is characterized in that the constraints, namely, the
requests, are variously weighted. As is the case with the
eighth embodiment, the weight to be applied to each request
is variable and each request is weighted according to its
importance. “Constraint-total”, which is indicated at the
rightmost end of FIG. 16, represents a distribution of the
integrated constraint index values that are obtained when the
constraint index values assigned to the individual bands are
weighted in a manner that varies from one constraint to
another, and integrated on an individual torque value basis.
According to the distribution of the integrated constraint
index values shown in FIG. 16, the minimum value of the
integrated constraint index values is 15. Thus, the band to
which the minimum value of 15 is assigned is set as the torque
limitation. The ninth embodiment not only provides the
advantages of the third embodiment, but also makes it pos-
sible to cause the importance of each request to be reflected in
the target torque setting.

Tenth Embodiment

A tenth embodiment of the present invention will now be
described with reference to FIG. 17.

The tenth embodiment is based on the fourth embodiment
and is characterized in that the constraints, namely, the
requests, are variously weighted. As is the case with the
eighth and ninth embodiments, the weight to be applied to
each request is variable and each request is weighted accord-
ing to its importance. “Constraint-total”, which is indicated at
the rightmost end of FIG. 17, represents a distribution of the
integrated constraint index values that are obtained when the
constraint index values assigned to the individual torque val-
ues are weighted in a manner that varies from one constraint
to another, and integrated on an individual torque value basis.
From this distribution of the integrated constraint index val-
ues, the torque limitation is determined by using a method
described in connection with the fourth or fifth embodiment.
The tenth embodiment not only provides the advantages of
the fourth embodiment, but also makes it possible to cause the
importance of each request to be reflected in the target torque
setting.

Eleventh Embodiment

An eleventh embodiment of the present invention will now
be described with reference to FIG. 18.

The eleventh embodiment is based on the sixth embodi-
ment and is characterized in that the constraints, namely, the
requests, are variously weighted. As is the case with the
eighth to tenth embodiments, the weight to be applied to each
request is variable and each request is weighted according to
its importance. “Constraint-total”, which is indicated at the
rightmost end of FIG. 18, represents a distribution of the
integrated constraint index values that are obtained when the
constraint index values assigned to the individual torque val-
ues are weighted in a manner that varies from one constraint
to another, and integrated on an individual torque value basis.
From this distribution of the integrated constraint index val-
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ues, the torque limitation is determined by using a method
described in connection with the sixth or seventh embodi-
ment. The eleventh embodiment not only provides the advan-
tages of the sixth embodiment, but also makes it possible to
cause the importance of each request to be reflected in the
target torque setting.

Twelfth Embodiment

A twelfth embodiment of the present invention will now be
described with reference to FIGS. 19 and 20.

The twelfth embodiment is based on the first embodiment
and is characterized in that a request group into which a
plurality of requests are grouped is formed to reset the limi-
tation on the request group by integrating request-specific
limitations within the request group. In the example shown in
FIG. 19, Constraints 1, 2, 3, and 4 belong to a request group,
and the result of integration of Constraints 1, 2, 3, and 4 is
depicted as Constraint X. Constraint X, which is a constraint
of'the request group, includes three limitations, as is the case
with request-specific constraints. A first limitation, which
represents the severest restriction, is a range within which the
first limitation of each request can be met wherever possible.
A second limitation, which represents the second severest
restriction, is a range within which the second limitation of
each request can be met wherever possible. A third limitation,
which represents the loosest restriction, is a range within
which the third limitation of each request can be met wher-
ever possible.

The control device according to the twelfth embodiment
additionally performs the above-described process on the
other requests to set a plurality of request-group-specific limi-
tations as indicated in FIG. 19. In such an instance, it is
preferred that requests forming a group be similar to each
other in type and description. The torque limitation is then
ultimately determined in accordance with the limitation over-
lap between request groups and with the degree of constraint
severity defined by each limitation. As a result, a hierarchical
structure shown in FIG. 20 can be obtained so that constraints
on torque values can be hierarchically considered. Although
the hierarchical structure shown in FIG. 20 has two hierar-
chical levels, the number of hierarchical levels is not limited.
The number of hierarchical levels can be increased in accor-
dance with the number and types of requests.

Thirteenth Embodiment

A thirteenth embodiment of the present invention will now
be described with reference to FIG. 21.

The thirteenth embodiment is based on the second embodi-
ment and is characterized in that a request group into which a
plurality of requests are grouped is formed to reset the distri-
bution of constraint index values for the request group. In the
example shown in FIG. 21, Constraints 1, 2, 3, and 4 belong
to a request group, and the result of integration of Constraints
1, 2, 3, and 4 is depicted as Constraint X. Constraint X is set
on the basis of Constraint-total, namely, the distribution of
integrated constraint index values that are obtained when the
constraint index values of individual requests are integrated
on an individual torque value basis.

The control device according to the thirteenth embodiment
additionally performs the above-described process on the
other requests to set a plurality of request-group-specific limi-
tations as indicated in FIG. 21. The constraint index values
assigned to individual torque values on an individual request
group basis are then integrated for each torque value. In
accordance with the distribution of the resulting integrated
constraint index values for the torque values, the control
device determines the torque limitation and sets the target
torque within the range of the torque limitation. As a result,
the hierarchical structure shown in FIG. 20 is obtained, as is
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the case with the twelfth embodiment, so that constraints on
torque values can be hierarchically considered. In the thir-
teenth embodiment, each constraint is quantified by the con-
straint index value. This makes it possible to weight the
request groups in such a manner that the importance of each
request group is reflected in the target torque setting.

Other

While the present invention has been described in connec-
tion with the foregoing embodiments, it should be understood
that the present invention is not limited to the foregoing
embodiments. The present invention extends to various modi-
fications that nevertheless fall within the scope and spirit of
the present invention.

For example, the foregoing embodiments assume that
torque is handled as an engine control amount. However, the
present invention can also be applied to the determination of
a target control amount value other than the torque. More
specifically, the present invention is also applicable to the
determination of a target control amount value such as an
air-fuel ratio or efficiency.

Further, although the thirteenth embodiment is based on
the second embodiment, the technical features offered by the
thirteenth embodiment can also be applied to the third to
eleventh embodiments in which each constraint is quantified
by the constraint index value.

The invention claimed is:
1. A control device for controlling an internal combustion
engine in accordance with a target value of a control amount,
the control device comprising:
constraint setup means for acquiring various requests con-
cerning the performance of the internal combustion
engine, setting a request-specific constraint for the value
of the control amount, wherein the constraint is
expressed as a set of constraint index values assigned to
individual control amount values, and the distribution of
the constraint index values assigned to the control
amount values varies in accordance with the type of a
request;
integration means for integrating, for each control amount
value, the constraint index values assigned to individual
requests with respect to each control amount value;

limitation determination means for determining a limita-
tion of the control amount, the limitation being defined
by an upper-limit value and a lower-limit value, in accor-
dance with the distribution of the integrated constraint
index value for the control amount;
target value determination means for determining a target
value of the control amount within the limitation; and

control means for controlling the internal combustion
engine in accordance with the target value of the control
amount.

2. The control device according to claim 1, wherein the
constraint setup means divides the control amount into a
plurality of bands and uses a discrete value as the constraint
index value, the discrete value being assigned to each band.

3. The control device according to claim 1, wherein the
constraint setup means uses a continuous value as the con-
straint index value, the continuous value being continuous in
each value of the control amount.

4. The control device according to claim 1, wherein the
constraint setup means varies the distribution of constraint
index values to be assigned to each value of the control
amount, in accordance with a change in the description of a
request.

5. The control device according to claim 1, further com-
prising:
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weighting means for weighting the constraint index values
assigned to individual requests with respect to each
value of the control amount, in accordance with impor-
tance of each requests;

wherein the integration means integrates the weighted con-

straint index values for each value of the control amount.

6. The control device according to any one of claim 1,
wherein the constraint setup means assigns the constraint
index value such that the more appropriate the value of the
control amount is for the description of a request, the greater
the constraint index value assigned to the value of the control
amount will be with reference to a predetermined finite value.

7. The control device according to claim 6, wherein the
limitation determination means uses a band in which the
integrated constraint index value exceeds a predetermined
threshold value, as the limitation.

8. The control device according to claim 7, wherein the
limitation determination means varies the predetermined
threshold value in accordance with the operating environment
of the internal combustion engine.

9. The control device according to claim 6, wherein the
limitation determination means selects such a threshold value
that a band in which the constraint index value exceeds the
threshold value has a predetermined width, and uses a band
defined by the threshold value as the limitation.

10. The control device according to claim 8, wherein the
limitation determination means varies the predetermined
width in accordance with the operating environment of the
internal combustion engine.

11. The control device according to claim 1, wherein the
constraint setup means assigns the constraint index value
such that the more inappropriate the value of the control
amount is for the description of a request, the greater the
constraint index value assigned to the value of the control
amount will be with reference to a predetermined finite value.

12. The control device according to claim 11, wherein the
limitation determination means uses a band in which the
integrated constraint index value is smaller than a predeter-
mined threshold value, as the limitation.

13. The control device according to claim 12, wherein the
limitation determination means varies the predetermined
threshold value in accordance with the operating environment
of the internal combustion engine.

14. The control device according to claim 11, wherein the
limitation determination means selects such a threshold value
that a band in which the constraint index value is smaller than
the threshold value has a predetermined width, and uses a
band defined by the threshold value as the limitation.

15. The control device according to claim 14, wherein the
limitation determination means varies the predetermined
width in accordance with the operating environment of the
internal combustion engine.

16. A control device for controlling an internal combustion
engine in accordance with a target value of a control amount,
the control device comprising:
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constraint setup means for acquiring various requests con-
cerning the performance of the internal combustion
engine, setting a request-specific constraint for the value
of the control amount, wherein the constraint is
expressed as a set of constraint index values assigned to
individual control amount values, and the distribution of
the constraint index values assigned to the control
amount values varies in accordance with the type of a
request;

constraint resetup means for setting a plurality of request

groups, each of the groups including a plurality of
requests, integrating the constraint index values
assigned to individual requests with respect to each
value of the control amount on an individual request
group basis, and resetting the distribution of the con-
straint index values in each request group in accordance
with the distribution of the integrated constraint index
values;

integration means for integrating the constraint index val-

ues assigned to each request group with respect to each
value of the control amount on an individual control
amount value basis;
limitation determination means for determining a limita-
tion of the control amount, the limitation being defined
by an upper-limit value and a lower-limit value, in accor-
dance with the distribution of the integrated constraint
index values for the control amount;
target value determination means for determining a target
value of the control amount within the limitation; and

control means for controlling the internal combustion
engine in accordance with the target value of the control
amount.

17. A control device for controlling an internal combustion
engine in accordance with a target value of a control amount,
wherein the control device is programmed to:

acquire various requests concerning the performance ofthe

internal combustion engine;

set a request-specific constraint for the value of the control

amount, wherein the constraint is expressed as a set of
constraint index values assigned to individual control
amount values, and the distribution of the constraint
index values assigned to the control amount values var-
ies in accordance with the type of a request;

integrate, for each control amount value, the constraint

index values assigned to individual requests with respect
to each control amount value;
determine a limitation of the control amount, the limitation
being defined by an upper-limit value and a lower-limit
value, in accordance with the distribution of the inte-
grated constraint index value for the control amount;

determine a target value of the control amount within the
limitation; and

control the internal combustion engine in accordance with

the target value of the control amount.

#* #* #* #* #*



